1. Labile characters allow individuals to flexibly adjust their phenotype to changes in environmental conditions. There is growing evidence that individuals can differ both in average expression and level of plasticity in this type of character. Both of these aspects are studied in conjunction within a reaction norm framework. 2. Theoreticians have investigated the factors promoting variation in reaction norm intercepts (average phenotype) and slopes (level of plasticity) of a key labile character: behaviour. A general prediction from their work is that selection will favour the evolution of repeatable individual variation in level of plasticity only under certain ecological conditions. While factors promoting individual repeatability of plasticity have thus been identified, empirical estimates of this phenomenon are largely lacking for wild populations. 3. We assayed aggressiveness of individual male great tits (Parus major) twice during their egg-laying stage and twice during their egg-incubation stage to quantify each male's level of seasonal plasticity. This procedure was applied during six consecutive years; all males breeding in our plots during those years were assayed, resulting in repeated measures of individual reaction norms for any individual breeding in multiple years. We quantified among-and within-individual variation in reaction norm components, allowing us to estimate repeatability of seasonal plasticity. Using social pedigree information, we further partitioned reaction norm components into their additive genetic and permanent environmental counterparts. 4. Cross-year individual repeatability for the intercepts (average aggressiveness) and slopes (level of seasonal plasticity) of the aggressiveness reaction norms were 0Á574 and 0Á516 respectively. The mean of the posterior distributions suggested modest heritabilities (h 2 = 0Á260 for intercepts; h 2 = 0Á266 for slopes), but these estimates were relatively uncertain. Males behaved more aggressively in areas with higher breeding densities, and became less aggressive and less plastic with increasing age; plasticity thus varied within individuals and was multidimensional in nature. 5. This empirical study quantified cross-year individual repeatability, heritability and agerelated reversible plasticity in behaviour. Acknowledging such patterns of multi-level variation is important not only for testing behavioural ecology theory concerning the evolution of repeatable differences in behavioural plasticity but also for predicting how reversible plasticity may evolve in natural populations.
Introduction
Certain phenotypic characters, like behaviour and physiology, are expressed repeatedly within the same individual. Like most phenotypic characters, such 'labile' characters can be both heritable and be affected by early-environmental factors (i.e. harbour developmental plasticity) (Stirling, R eale & Roff 2002; Dochtermann, Schwab & Sih 2015) . What uniquely defines them, however, is that they can also be adjusted from one expression to the next by means of reversible plasticity. Labile characters thereby represent key mediators between organisms and their environment because they allow individuals to adaptively match their phenotype to environmental factors that vary within their lifetime (Gabriel et al. 2005; Duckworth 2008; Botero et al. 2014) .
The level of reversible plasticity may also vary among individuals (Nussey, Wilson & Brommer 2007) , with some individuals responding to environmental changes, whereas others do not; this variation may also be heritable (e.g. Brommer et al. 2005; Nussey et al. 2005) , implying that reversible plasticity can evolve. Individual variation in reversible plasticity is commonly studied within the reaction norm framework (Schlichting & Pigliucci 1998) : 'individual' reaction norms are (linear or nonlinear) functions describing the dependency of an individual's phenotypic expressions on a particular environmental gradient (Nussey, Wilson & Brommer 2007; Dingemanse et al. 2010) . In their simplest form, the variation in reaction norms that is present within a population can be described by estimating three key variance components: (i) variation among-individuals in reaction norm intercept, where an individual's intercept is typically modelled to represent its average phenotypic expression in the population-average environment, (ii) variation among-individuals in reaction norm slope, where an individual's slope represents its degree of (reversible) plasticity in response to a focal environmental gradient and (iii) the covariance between these two components, representing a measure of how an individual's phenotype in the average environment relates to its level of plasticity. The concept of reaction norms in combination with variance decomposition approaches has provided evolutionary ecologists with a conceptual and methodological framework by which the causes and consequences of variation in average behaviour and level of reversible plasticity can be studied in conjunction (Nussey, Wilson & Brommer 2007; van de Pol 2012; Dingemanse & Dochtermann 2013) .
Over the past decade, behavioural research has increasingly focussed on documenting repeatable individual differences in behavioural characters, such as aggressiveness, feeding specializations and cooperative behaviour (reviewed by Bolnick et al. 2003; Dall, Houston & McNamara 2004; R eale et al. 2007; Bell, Hankison & Laskowski 2009 ). At the same time, a suite of conceptual and theoretical models have been developed to explain why individual differences in average behaviour (i.e. the among-individual variation in reaction norm intercepts described above) might evolve (e.g. Wolf et al. 2007; McNamara et al. 2009; Wolf & Weissing 2010) . While empiricists are putting their model predictions and assumptions to the test, e.g. (Nicolaus et al. 2012; Laskowski & Pruitt 2014) , theoreticians have also started to explore the ecological conditions that favour the evolution of repeatability in reversible plasticity (Wolf, van Doorn & Weissing 2008; Wolf, Van Doorn & Weissing 2011 ; reviewed by Dingemanse & Wolf 2013 ). An important insight of these modelling studies is that selection may favour the evolution of either among-individual or withinindividual variation in reversible plasticity. The occurrence of among-individual variation would imply that individuals are repeatable in level of reversible plasticity, whereas within-individual variation would imply that individuals adjust their level of reversible plasticity across time depending on socio-ecological conditions (Fig. 1 ). To date, the question of whether reversible plasticity is or is not repeatable has not been addressed for wild populations. We thus require empirical estimates of the repeatability of reaction norm components in wild populations such that productive feedback between theoreticians and empiricists can help further research on the evolutionary ecology of reversible plasticity in behaviour and other labile characters.
The quantification of the repeatability of reaction norm components is not only important for testing predictions of theoretical models developed in behavioural ecology; it also provides important clues on whether reversible plasticity might evolve in response to selection. This would require reversible plasticity to be heritable (Brommer et al. 2005; Nussey et al. 2005) , where repeatability estimates are useful as they enable the quantification of the upper limit to heritability (Lynch & Walsh 1998) . Moreover, information on within-individual sources of variation in reversible plasticity will provide important further insights in whether individuals are potentially able to directly, and adaptively, adjust their level of reversible plasticity when faced with environmental change. This would facilitate responses on an ecological rather than evolutionary time-scale, and require that plastic withinindividual responses towards one environmental gradient are a function of another environmental factor. In birds, for example parents increase nestling provisioning rate with nestling age but the magnitude of this plastic adjustment is a function of the number of offspring in the nest (Westneat et al. 2011) ; this flexibility allows parents to adaptively adjust their provisioning reaction norm to ecological conditions that determine brood size in a focal year. Therefore, determining whether reaction norms are repeatable, and studying the genetic and environmental sources of variation in reaction norms, is of key importance to further our understanding of the evolution of labile characters.
In this paper, we focus on an important labile character (territorial aggressiveness) that male passerine birds express when faced with a territorial intrusion, and that affects key fitness components (Duckworth 2006 ) and population level processes (Mougeot et al. 2003) . We tested for the existence of cross-year repeatability in aggressiveness reaction norms of male great tits (Parus major) using a 6-year data set collected in 12 nest box plots. We focused on cross-year repeatability of withinyear patterns of seasonal plasticity as we have previously shown that great tits decrease their territorial aggressiveness between egg laying and incubation (Araya-Ajoy & Dingemanse 2014). We measured this seasonal adjustment each year in which a focal male reproduced in our population. This enabled us to statistically quantify the total phenotypic variation in male aggressiveness reaction norms in response to breeding stage during the whole 6-year period. Following Araya-Ajoy, Mathot & Dingemanse (2015), we partitioned this variation into its long term (i.e. among-individual) and short term (i.e. withinindividual-among-year) components to test whether the individual-level intercepts and slopes of these aggressiveness reaction norms showed long-term individual repeatability. We then proceeded to study key sources of variation that might underpin long-term repeatability, and used social pedigree information to determine how much of the among-individual variation in reaction norm intercepts and slopes was underpinned by additive genetic variation vs. permanent environmental effects.
We further studied whether these seasonal changes in aggressiveness varied within individuals across years as a function of other environmental factors; such effects may be expected as the balance between the costs and benefits of an aggressive interaction typically depend on ecological conditions that vary across years such as breeding density. We thus considered that while heritable variation in reaction norm components would result in long-term (i.e. among-year) individual repeatability, environmental sources of variation may either cause longterm or short-term variation in reaction norm components (Araya-Ajoy, Mathot & Dingemanse 2015; Senner, Conklin & Piersma 2015 ). For instance the optimal level of aggressiveness of a male great tit, and how much it should down-regulate its aggressiveness over the breeding season, should vary as a function of breeding density as this socioecological factor affects the costs and benefits associated with territorial aggressiveness (Fig. 2) . Among-year variation in density should thus affect both the individual's year-specific average level of aggressiveness as well as its level of within-year seasonal plasticity. Among-year changes in density may thus cause amongyear variation in an individual's reaction norm intercept (i.e. average level of aggressiveness) and slope (i.e. level of seasonal plasticity). Importantly, breeding densities show substantial spatial variation in great tits (e.g. Nicolaus et al. 2013 Nicolaus et al. , 2016 . Hence, individuals are likely exposed to similar competitive regimes across multiple years, which may thus cause cross-year repeatability in aggressiveness reaction norms. We therefore further tested whether variation in reaction norms was attributable to spatial and temporal variation in breeding density. Finally, we investigated how age affected the aggressiveness reaction norms as this intrinsic factor should affect the costs and benefits of average aggressiveness and its seasonal plasticity (Stearns & Koella 1986; Kindlmann, Dixon & Dost alkov a 2001). 
experimental protocol
Aggressiveness data were collected over a 6-year period (2010) (2011) (2012) (2013) (2014) (2015) for all first broods produced by great tit pairs in our study plots. The aggression test started when a taxidermic mount of a male great tit was presented on a 1Á2 m wooden pole with a playback song 1 m away from the subject's nest box. We subsequently recorded the behaviour of the focal male for a period of 3 min after it had entered a 15-m radius around the box. Simulated territorial intrusions were performed twice during the egglaying stage and twice during the egg-incubation stage of each focal nest. Details of the experimental setup, and essayed behaviours, are provided in Araya-Ajoy & Dingemanse (2014) . In short, an aggressive response was characterized by intensive alarm calling, approach to the stimulus, and, in the most extreme case, jumping and pecking of the cage that protected the mount. For the purpose of this paper we used the subject's minimum distance to the mount as a measure of aggressiveness because previous work implied that this behaviour represented a reliable predictor of the intensity of an aggressive response for both breeding stages (Araya-Ajoy & Dingemanse 2014).
statistical analyses

Estimating variation in reaction norms
We used a suite of multi-level random regression mixed-effects models to quantify variation in reaction norm intercepts and slopes within and among individual males. Aggressiveness was modelled as a function of the stage of the focal male's nest. Breeding stage was fitted as an environmental covariate consisting of two levels (egg-laying vs. egg-incubation stage). These two levels were first coded as zero and one, respectively, and subsequently mean centred and standardized to two standard deviation units; for a discussion about the usefulness of this transformation see Gelman (2008) and Araya-Ajoy, Mathot & Dingemanse (2015) . All models presented estimated breeding stage-specific residual variances (i.e. heterogeneous residuals; Cleasby & Nakagawa 2011). Note that the reaction norm approach that we use here (i.e. modelling reaction norm variation with two discrete environments while considering heterogeneous residuals) is mathematically equivalent to applying a character state approach (Via, Gomulkiewicz & De Jong 1995) . Indeed, re-analyses of our data using this alternative approach (Table S2 , Supporting Information) corroborated the findings based on reaction norm analyses (see Results). Following Araya-Ajoy, Mathot & Dingemanse (2015), we used various parameterizations of random regression models to quantify the existence of variation in reaction norms at various hierarchical levels. The initial model (#1) included random intercepts and slopes for breeding attempt identity (i.e. the unique combination of male and year; 1042 levels). Breeding attempt represents the temporal unit within which we collected repeated measures of an individual in response to the focal environmental gradient (breeding stage). We obtained up to two measurements of aggressiveness for each of the two breeding stages (egg-laying and eggincubation) for each male in each year. This study design allowed us to model random intercepts and slopes for breeding attempt identity, and enabled us to quantify the total phenotypic variance in reaction norm intercepts and slopes in our population during the entire study period. The second model (#2) included not only random intercepts and slopes for each breeding attempt (see above) but also for individual identity (679 levels). This model thus allowed us to partition the phenotypic variation in reaction norm intercepts and slopes into its long-term (i.e. amongindividual) vs. short-term (i.e. within-individual-among-year) components.
As a next step, we tested whether breeding density explained either within-or among-individual variation in reaction norm components (see Introduction). We addressed this question by fitting the interaction between plot-average density (i.e. the plot's mean Fig. 2 . An illustration of a hypothetical population-level reaction norm plane where the phenotype is a function of two environmental gradients. We show here a reaction norm plane for a situation where there is multi-dimensional plasticity due to interactive effects of two environmental covariates causing a 'warped' reaction norm plane. Three individuals (colours) are depicted; each individual was assayed in each of 2 years. Within males, density varied only across the 2 years. Variation in density causes among-and within-individual variation in the intercept and the slope of the seasonal aggressiveness reaction norms.
[Colour figure can be viewed at wileyonlinelibrary.com] value over the years [2010] [2011] [2012] [2013] [2014] [2015] and breeding stage, as well as the interaction between breeding stage and the yearly deviations in density from each plot mean, to evaluate spatial and temporal effects of density respectively . We then determined whether these fixed-effects explained within-and/or amongindividual variation in reaction norm intercepts and slopes. Finally, to test whether reaction norm characteristics changed with age, we ran a model where we fitted the interaction between male age and breeding stage. Age was categorized as first year vs. older breeders coded as zero vs. one respectively. We also standardized these values to two standard deviation units prior to analyses.
As a final step, we determined how much of the among-individual variance in intercepts and slopes was due to additive genetic vs. permanent environmental effects. We used the social pedigree information available for our population to transform our mixedeffects model into an animal model (Wilson et al. 2010) . We use social pedigrees as genetic paternity was not determined for all years of study. Moreover, simulation studies imply that extra-pair reproduction typically does not substantially bias quantitative genetic parameters (Charmantier & R eale 2005 ; but see Firth et al. 2015) . Social pedigree information is provided in Figs. S1, S2 and Table S1 .
Repeatability and heritability estimates
Repeatability represents a standardized metric that allows comparison across traits and studies (Nakagawa & Schielzeth 2010) . Reaction norm intercept and slope repeatabilities were calculated from parameter estimates extracted from our multi-level random regression model (see Table 1 ) following Araya-Ajoy, Mathot & Dingemanse (2015) . Intercept repeatability was estimated as the amount of among-individual variance in intercepts divided by the total phenotypic variance in intercepts (i.e. the sum of the among-individual and among-breeding attempt variances in intercept). Slope repeatability was estimated as the amount of amongindividual variance in slopes divided by the total phenotypic variation in slopes (i.e. the sum of the among-individual and among-breeding attempt variances in slope). Similarly, intercept and slope heritabilities were estimated as the amount of additive genetic variance in intercepts and slopes extracted from the animal model divided by their respective total phenotypic variance (i.e. the sum of the additive genetic, permanent environment and among-breeding attempt variances).
General modelling procedures
We fitted the (multi-level) random regression models detailed above using a Bayesian framework implemented in R v3.3 (R Core Team 2015) with the package MCMCglmm (Hadfield 2010) . We ran 3 005 000 iterations per model, from which we discarded the initial 5000 (burn in period). Each chain was sampled at an interval of 3000 iterations, which resulted in a low autocorrelation among thinned samples. Posterior means and 95% credible intervals were estimated across the thinned samples for the mean effects (fixed effects), (co)variances and variance ratios (i.e. repeatabilites and heritabilities). Fixed effect priors were normally distributed and diffuse with a mean of zero and a large variance (100). Different priors were used for the variance-covariance matrices; the results presented in the paper correspond to parameter-expanded priors for the random regression models (see Appendix S1); mean values of the posterior distributions were robust to different relatively un-informative prior settings, and Table 1 . Results from random regression models estimating fixed and random effects explaining variation in aggressiveness and its seasonal plasticity. Model 1 quantifies the total amount of variation in reaction norms intercepts and slopes (with respect to breeding stage: egg laying vs. incubation) among all breeding attempts. Model 2 partitions this variation into among-and within-individual effects. Models 3 and 4 ask how much of the among-and within-individual variation can be captured by effects of breeding density and age respectively. We provide mean values of the posterior distribution of parameter estimates and their 95% credible intervals (CI)
Breeding stage * temporal density
were quantitatively similar when a restricted maximum likelihood framework was used instead (results not shown).
Statistical support for fixed and random effects
We considered estimates of fixed effects and covariances to be significantly different from zero (i.e. in the frequentist's sense) when their associated 95% credible intervals did not overlap zero.
The statistical support for a non-zero value of a variance component was assessed differently because variance components are bound to be positive, and because prior choice may influence the credible intervals derived from the posterior distribution. For variances we therefore determined the probability that an estimated variance was different from a null expectation based on permutation tests (Good 2000) . During each permutation, the aggressiveness data were randomly re-allocated to different observations. This resulted in a new data set with the same mean, variance and level of replication as our observed data set; the only difference was that the aggressiveness measurements were reshuffled randomly across the data set. We then proceeded to perform the mixed-effects models (detailed above) to this new data set, and estimated, for each permutation, a posterior mean value for each variance component of interest. This procedure was repeated 100 times to generate a 'null' distribution of posterior mean estimates. We then calculate the probability (permutation.p) that the observed posterior mean value of a focal variance component was greater than any value expected from this permutation-based null distribution.
Results
We 
reaction norm analyses
As expected based on our previous analyses (Araya-Ajoy & Dingemanse 2014), aggressiveness was down-regulated from the egg-laying to the egg-incubation stage owing to a positive effect of breeding stage on approach distance (Table 1) . We found strong support for intercept (mean: 0Á495; 95% CI: 0Á408-0Á585) and slope variance (0Á385; 0Á160-0Á602) among breeding attempts (permutation.p was <0Á001 for both estimates). Furthermore, we found strong support for a negative correlation between intercepts and slopes (À0Á371; 95% CI: À0Á602, À0Á141).
Altogether, those three patterns of (co)variation implied that breeding attempts characterized by relatively high average levels of aggressiveness were also characterized by a substantial down-regulation of aggressiveness from the egg-laying to the incubation stage. Next, we partitioned this phenotypic variation in reaction norm characteristics into its within-and amongindividual components. We found strong support for both among-individual and within-individual-among-year variance in intercepts (permutation.p was <0Á001 for both estimates). Both levels contributed similar to the total phenotypic variation in reaction norm intercepts (Table 2) ; individual cross-year repeatability of reaction norm intercept was 0Á574 (95% CI: 0Á372, 0Á777). We also found support for non-zero within-and among-individual variation in reaction norm slopes (permutation.p = 0Á03 and <0Á001 respectively); we note that the credible intervals for both variance estimates were very broad (Table 1) and therefore it is difficult to make confident inferences about their exact values. Individual cross-year repeatability in slope was 0Á516 (95% CI: 0Á004, 0Á996). Finally, we found a negative intercept-slope covariance at both the among-and within-individual levels, although the credible intervals for both estimates overlapped zero (Table 1) . Altogether, these findings implied (i) that great tits showed long-term (i.e. among-year) individual repeatability in their average aggressiveness and level of seasonal down-regulation and (ii) that their aggressiveness was simultaneously plastically adjusted to (unknown) year-specific environmental conditions.
As a next step, we asked whether patterns of among-and within-individual variation in these aggressiveness reaction norms could be attributed to repeatable among-plot differences in density or within-plot-among-year (i.e. temporal) fluctuations in density. The average level of aggressiveness of male great tits was higher in plots with higher densities (Fig. 3) . This result implies that some of the among-individual variation in reaction norm intercepts could be attributed to among-population differences in density (Table 1) ; because credible intervals associated with this variance component were very broad, it is, however, difficult to assess how much variation was explained by density. In contrast, temporal fluctuations in density did not affect the expression of aggressiveness reaction norm intercepts or slopes (Table 1 ) and therefore did not explained variation in reaction norm intercepts or slopes at any level. Age significantly affected the average level of aggression, as well as the magnitude of the plastic adjustment to changes in breeding stage (Table 1) : as males aged, they became less aggressive and showed less seasonal plasticity (Fig. 4) . These results, therefore, imply that age explained withinindividual variation in reaction norm intercepts and slopes.
As a final step, we proceeded to partition the detected among-individual variation in reaction norm characteristics into additive genetic and permanent environment components using a random regression animal model (Table 3) . We found support for non-zero additive genetic variation in intercepts (permutation.p < 0Á001) and also for non-zero permanent environmental effects (permutation.p < 0Á001). The credible intervals associated with both variance components were, notably, very broad ( Table 3 ), implying that we are uncertain about the exact amount of variance explained by each. The proportion of variation in reaction norm intercepts underpinned by additive genetic variance (heritability) was 0Á26 (95% CI: 0Á005-0Á548), and the proportion explained by permanent environmental effects was 0Á184 (0Á000-0Á507). With regards to reaction norm slopes, we found evidence for significant non-zero additive genetic and permanent environmental variance, though support for non-zero effects were modest (permutation.p = 0Á03 and 0Á01 respectively). The heritability of reaction norm slope was 0Á266 (0Á000, 0Á853), whereas the proportion of variation in slopes explained by permanent environmental effects was 0Á302 (0Á001, 0Á888). As above, the credible intervals were very broad for both for of these proportions, and we therefore cannot draw firm conclusions about their exact magnitudes (Table 2) .
Discussion
We quantified the sources of variation in aggressiveness reaction norms of male great tits in the wild. We detected substantial cross-year individual repeatability in both average level of aggressiveness and level of seasonal plasticity. Quantitative genetics analyses provided support for nonzero heritability in average behaviour (reaction norm intercept) and (weaker evidence for) level of seasonal plasticity (reaction norm slope), but uncertainty in these estimates was very high and therefore we cannot draw firm conclusions about their magnitude. Repeatable differences in aggressiveness were partly explained by spatial variation in breeding density: males breeding in plots with high breeding densities were also more aggressive overall. Finally, aggressiveness reaction norms harboured patterns of multidimensional plasticity: males became less aggressive and less responsive when they were older.
repeatability of aggressiveness reaction norms
Theoretical models predict that repeatable reaction norms should evolve in situations where there is spatiotemporal heterogeneity in resources causing frequency-dependent selection pressures acting on socially expressed traits for which the cost of plasticity decrease with experience (Wolf, van Doorn & Weissing 2008; Wolf, Van Doorn & Weissing 2011) . Aggressiveness mediates competition for spatiotemporally varying resources (Johnson, Grant & Fig. 3 . The relationship between aggressiveness and the average breeding density of each of our 12 study plots. Aggressiveness was measured as the distance approached to the taxidermic mount used during the simulated territorial intrusion; higher values therefore represent a lower aggressive response. Each plot was fitted with 50 nest boxes; breeding density represents the number of boxes occupied. Plot density was estimated as the number of breeding pairs per plot (mean value over the years [2010] [2011] [2012] [2013] [2014] [2015] . The black line represents the predicted point estimate across the range of densities and the grey-shaded area is the 95% credible range. (Sinervo & Lively 1996; Kokko, Lopez-Sepulcre & Morrell 2006) . Aggressiveness also mediates social interactions, as individuals adjust their aggressiveness in response to the behaviour expressed by conspecifics in both mammals (Wilson et al. 2009 ) and insects (Santostefano et al. 2016) . This form of phenotypic plasticity is also predicted to be under frequency-dependent selection (Wolf, van Doorn & Weissing 2008; Wolf, Van Doorn & Weissing 2011) . Moreover, individuals adjust their aggressiveness throughout their reproductive cycle in response to seasonal changes in costs and benefits. Importantly, the benefits associated with this form of plasticity likely vary between individuals depending on characteristics of their social neighbourhood (e.g. breeding density), further ecological conditions and predictability of the environment. As many of the mentioned ecological conditions hypothesised to promote repeatability of reversible plasticity may be met in territorial passerine species, we expected longterm individual repeatability in components of aggressiveness reaction norms expressed by our great tits, which we indeed detected. Nevertheless, whether the evolution of repeatability in reversible plasticity of this particular behaviour in this particular species can be explained by the hypothesized mechanisms requires explicit testing of model assumptions. For example, is territorial aggressiveness in great tits under negative frequency-dependent selection? And do the costs associated with aggressiveness decrease with experience?
Individual differences in how males down-regulate their aggressiveness over the reproductive season may be related to a male's paternity strategy . Male great tits can increase paternity either by investing in seeking extra-pair copulations (leading to increased extra-pair paternity) or by aggressively defending their territory (leading to decreased within-pair paternity loss). The costs associated with paternity loss should, importantly, change between the egg-laying and egg-incubation stages because males can only lose within-pair paternity before their mate lays the last egg and starts incubating. Consequently, males that increase their investment in aggressiveness when their female is in the laying stage but subsequently decrease it when she starts clutch incubation, should be able to avoid paternity loss while simultaneously freeing up time to invest in searching for extra-pair mates. Such plastic adjustments should, however, be costly if males misjudge the risk of a territorial intrusion or the date of their mate's onset of incubation. Therefore, optimal average levels, as well plastic seasonal adjustments, of a male's territorial aggressiveness should depend on the aggressive strategies played by other males in the population. Importantly, the benefits associated with this form of plasticity likely vary between males depending on their attractiveness, characteristics of their social mate (e.g. her level of promiscuity; van Oers et al. Adaptive theory predicts that repeatability of plasticity may evolve in situations where the costs of plasticity decrease with experience (Wolf, van Doorn & Weissing 2008; Wolf, Van Doorn & Weissing 2011) . We found that aggressiveness reaction norms of male great tits changed with age, which may represent a proxy for their experience. In great tits, costs of seasonal plasticity in aggressiveness might reasonably be expected to decrease with age because older males should be more experienced in assessing the threat associated with an aggressive intrusion in terms of risk of paternity or territory loss. We therefore expected that males would become more plastic with age. Contrary to this idea, we found that first-year breeders were more plastic than older males, but also more aggressive (Fig. 3) . This observed pattern may be caused by first-year breeders needing to establish stable territory boundaries. Great tits generally occupy the same territory across years; new males thus need to either 'squeeze in' or occupy vacant territories. Given that older males typically already possess a territory, selection may not favour them to be so aggressive in the beginning of the breeding season; consequently, older males may not need to down-regulate their aggressiveness over the season as much as first-year males. This may explain why our great tits became less rather than more plastic with age. Alternatively, our findings may imply that is not the costs associated with plasticity that decrease with experience but rather the costs of associated with each strategy. That is, if individuals become better with experience in exploiting aggressive, plastic or non-plastic strategies, repeatable differences in average behaviour and level of plasticity may still arise.
estimating levels of variation in behavioural reaction norms
Our estimates of individual repeatability of seasonal plasticity in aggressiveness had very broad confidence intervals. Our comparisons with permutation-based null distributions revealed-despite these broad confidence intervals-significant non-zero variance for both levels (see Results) . In other words, we were able to detect significant effects while our estimates were simultaneously very uncertain. Reassuringly, comparison of parameters derived from reaction norm (Table 1) vs. character state approaches (Table S2 ) further corroborated this conclusion: crossing reaction norms causing variance in reaction norm slopes equate to character state-based cross-context correlations below one (Roff 1997) . The posterior mean interval of the character-state based cross-context correlation between the laying and incubation stage indeed deviated from one at both the among-individual (r = 0Á746; 95% CI: 0Á255, 0Á997) and within-individual level (r = 0Á816; 95% CI: 0Á378, 0Á998), implying that there was indeed variation in seasonal plasticity at both of these levels (though we note that the upper credible interval was relatively close to one, implying that the evidence for crossing reaction norms was not strong). We therefore conclude that great tit males showed both repeatability and multidimensional plasticity in seasonal plasticity, but we are not able to assess their respective magnitudes. Repeatable individual differences in reaction norm characteristics can be underpinned by additive genetic variation and by permanent environmental effects, where the latter effect may either be mediated by developmental plasticity or by reversible plasticity in response to repeatable individual differences in environmental conditions. Using an animal model, we estimated the relative contributions of additive genetic and permanent environmental effects. In line with other behavioural genetics studies (reviewed by Dochtermann, Schwab & Sih 2015) , we found that about half of the repeatable variation was caused by additive genetic variation, whereas the other half was caused by permanent environmental effects. We found strong support for non-zero additive genetic variance in average level of aggressiveness (i.e. reaction norm intercept), and weaker (though significant) support for additive genetic variance in seasonal plasticity (i.e. reaction norm slopes), though we note that associated confidence intervals were very broad for both. We further note that a reanalysis of the data using a character state approach (for rational, see above; Table S1 ) confirmed the presence of genetic variation in plasticity as the cross-context genetic correlation between aggressiveness during laying vs. incubation (r = 0Á491; 95% CI: À0Á540, 0Á938) was substantially below one. Heritability is a key parameter in evolutionary theory that has not been estimated for reaction norms slopes in a wild population (see Dochtermann, Schwab & Sih 2015 for the heritability of intercepts of behavioural reaction norms). Unfortunately, we found much uncertainty in the additive genetic and permanent environmental variance of our estimates of seasonal plasticity, which in turn caused the confidence interval of the heritability estimate to be extremely broad. Firm conclusions about the exact magnitude of heritable variation in reaction norm slopes can therefore not be drawn. Importantly, data requirements for accurately and precisely estimating the heritability of reaction norm slopes have not been explored systematically. What is known is that relatively large sample sizes are required to accurately and precisely estimate the relative magnitudes of among-versus within-individual variation in reaction norms, and that this requires studies designs with sufficient replication at each hierarchical level (Araya-Ajoy, Mathot & Dingemanse 2015). The estimation of the heritability of plasticity in repeatedly expressed reaction norms will therefore represent an extremely difficult task, and may be possible in few study systems that enable ample replication at multiple hierarchical levels. The increased availability of tools enabling genome-wide sequencing and automated data collecting may facilitate the study of the quantitative genetic underpinning of multi-level reaction norms in future studies.
The repeatable differences that we classified as permanent environmental effects could partly be caused by reversible plasticity in response to repeatable individual differences in environmental conditions. For instance, we showed that great tits are more aggressive in plots with higher densities (Fig. 3) , which corroborates the idea that aggressiveness is related to spatial variation in competition for resources. Importantly, it may also suggest that some of the repeatability in reaction norm intercepts may have been caused by environmental effects. We offer several explanations for this pattern of density-dependent behaviour. First, individuals that are more aggressive might be more likely to settle in dense plots, regardless of whether their behavioural differences were underpinned genetically or shaped by developmental plasticity. Second, individuals might plastically adjust their aggressiveness in response to density by means of reversible plasticity. Importantly, individuals did not adjust their behaviour in response to year-to-year changes in density which suggests that the birds were not responding to density per se. We therefore conclude that these plot-level patterns of densitydependent aggressiveness were either caused by differential settlement of aggressiveness 'types' or by individuals responding to specific factors that were associated with spatial-not temporal-variation in breeding density.
We further explored whether some of the individual differences in aggressiveness, and its seasonal plasticity, were caused by other general characteristics of the study plot by expanding our models to include random intercepts and slopes for the identity of the study plot. Study plot characteristics indeed explained some variation in aggressiveness (i.e. reaction norm intercepts) but not in its seasonal plasticity (i.e. reaction norm slopes; Table S3 ). We therefore conclude that some of the non-genetic individual variation in average behaviour and most of the nongenetic individual variation in seasonal plasticity was caused by reversible plasticity in response to repeatable small-scale characteristics of male territories that we were unable to quantify.
within-individual variation in reaction norms
Conceptually, we can view repeatedly expressed reaction norms themselves as labile phenotypic characters that can vary among-and within-individuals. Within-individual variation in this type of reaction norm would arise if an individual's phenotypic response to changes in one environmental gradient is a function of another environmental gradient (Westneat, Wright & Dingemanse 2015) . Our analyses show that male great tits adjusted the intercept of their aggressiveness reaction norms as a function of environmental gradients that changed from year to year: we detected within-individual-among-year variance in reaction norms when controlling for male identity (Table 1) . This implies that the reaction norms were 'multidimensional' (sensu Westneat, Stewart & Hatch 2009) because aggressiveness responded to multiple environmental axes. The existence of this level of variation is not surprising because selection should often favour plasticity in reaction norms in response to multiple environmental axes. We have shown that age is such an internal environmental gradient that causes within-individual variation in reaction norms, as previously suggested (Kindlmann, Dixon & Dost alkov a 2001) . The effects of age, notably, explained a relatively minor proportion of the within-individual variation (Table 1) . We therefore also asked whether among-year-within-individual variation in aggressiveness and its seasonal plasticity was underpinned by year-to-year changes in unknown environmental effects (Table S4) . Some of the within-individual variation in reaction norm intercepts was indeed explained by 'year' though this factor explained little variation; reaction norm slopes did not vary between years. We therefore conclude that a major portion of the within-individual variation in aggressiveness and its seasonal plasticity must have been caused by individual-and year-specific changes in environmental factors. Habituation towards our simulated territorial intrusion across years may also have caused such within-individual variation in aggressiveness reaction norms. We explored this possibility by fitting the number of years an individual had been exposed to a test across the entire study period in an interaction with breeding stage (laying vs. incubation). We found the same pattern as for age (Table S5) , likely because age and repeated exposure are highly correlated so we cannot statistically tease these effects apart.
Conclusions
Aggressiveness and its seasonal plasticity harboured longterm individual repeatability in a wild passerine bird. Our study thereby demonstrated that such within-population variation in reaction norms can be caused both by among-and within-individual level processes. Importantly, our findings highlight that individuals can adjust their plastic response to a particular environmental gradient over their lifetime, whereas individuals may simultaneously be repeatable in level of plasticity. Acknowledging such forms of multi-level variation is important not only for testing behavioural ecology theory regarding the evolution of repeatable differences in plasticity, but also for predicting how individuals may cope with rapidly changing environments. Aggressiveness in particular represents a key labile character as it may affect survival and competitive regimes, and in turn population dynamics, breeding density and population growth. It is therefore important to acknowledge the various processes at various hierarchical levels that generate variation in aggressiveness, if only because repeatable vs. unrepeatable variation in plasticity may affect eco-evolutionary dynamics of populations very differently.
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